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[57] ABSTRACT 


comprised of mounting all temperature sensitive ele- 
ments of the controller in thermostatically controlled 
ovens (26) during calibration and measurements, using a 
selected temperature that is above any which might be 
reached in the field. The instrument is calibrated in situ 
by adjusting heater power (El) to the receptor cavity 
(12) in the radiometer detector to a predetermined full 
scale level as displayed by a meter (30). Then with the 
heater de-energized and the receptor cavity covered, 
the voltage output, (E 0 ) is set to zero as displayed by the 
meter. Next the preset power is applied to the heater 
and the output of the radiant measurement channel is 
applied to the panel meter. With this preset heater 
power producing the proper heat, the gain of the mea- 
surement channel is adjusted to bring the meter dispaly 
to full scale. The function switch (36) is then set back to 
apply the measured radiant power signal to the meter. 
Once the radiation cavity is uncovered, radiant energy 
absorbed by the radiation cavity is displayed by the 
meter with an accuracy that heretofore has not been 
available. A reference voltage Ej* is used to calibrate the 
meter initially and at any time thereafter deemed neces- 
sary. To adjust the heater power to the predetermined 
full scale level, current and voltage values applied to the 
heater winding are separately derived from a bridge- 
like circuit (FIG. 2) connected between a source of 
heater power and ground, and applied to precision ana- 
log multiplier mounted in a thermostatically controlled 
oven. 


A radiometer controller (11) of a radiation detector (10) 

is provided with a calibration method and apparatus 10 Claims, 2 Drawing Figures 
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METHOD AND APPARATUS FOR PRECISION 
CONTROL OF RADIOMETER 

ORIGIN OF INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat 435; 42 USC 2457). 

FIELD OF THE INVENTION 

This invention relates to the art of radiometry, and 
more particularly to an improved method and apparatus 
for control of a radiometer to measure radiation with a 
high degree of precision. 

BACKGROUND OF THE INVENTION 

A radiometer is comprised of two units: a radiation 
receptor, which contains a “black body cavity” and a 
compensating cavity, or other compensting element 
both of which are located in a heatsink, and a controller. 
The radiation detector absorbs radiant energy and gen- 
erates a voltage proportional to the power of the radia- 
tion received. The function of the controller is to cali- 
brate the radiation detector and to amplify for display 
the voltage generated. 

Since the principal use of a radiometer is to measure 
the sun’s radiation, both units are exposed to radiation 
and therefore subjected to a range of ambient tempera- 
tures great enough to generate errors that prevent the 
radiometer from reaching its full capability of precision, 
which is three hundredths percent accuracy. Due to the 
time variability of solar radiation, there is often need to 
collect radiation data at specific times. It is therefore 
necessary for this high precision to be maintained over 
relatively long periods of time. 

The absolute accuracy of radiation measurements in 
general, and solar measurements in particular, has been 
increasing, but the present level of accuracy is only a 
few tenths of a percent. Current solar and atmospheric 
research now demands the higher accuracy of three 
hundredths percent, and further demands that such 
higher accuracy be maintained over relatively long 
periods of time. This requires an improvement in the 
radiometer controller of at least one order of magni- 
tude. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, improve- 
ment in the radiometer controller of an instrument is 
achieved by a calibration method and appartus com- 
prised of mounting all temperature sensitive elements of 
the controller in a thermostatically controlled oven, 
both during calibration and during measurements, using 
a selected temperature that is above any which might be 
reached in the field. After the controlled oven tempera- 
ture has stabilized, the instrument is calibrated in situ by 
first setting a function switch to “Heater” (El— *ME- 
TER) and adjusting heater power to the receptor cavity 
in the radiometer detector to a predetermined full scale 
level as displayed by a meter, e.g., 100 milliwatts. Then 
with the heater de-energized, the function switch at 
“Flux” (E 0 ->METER) and the receptor cavity of the 
radiometer detector covered, the voltage output, which 
is proportional to the radiation power received, is set to 
zero as displayed by the same meter used for setting the 
heater power. Next the function switch is set to “Scale” 
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which connects the preset power to the heater (EI-»- 
HEATER) through a power switch Si and the output 
of the radiant measurement channel to the panel meter 
(E0— >METER). With this preset heater power produc- 
5 ing the proper heat, the gain of the measurement chan- 
nel is adjusted to bring the meter display to full scale. 
The function switch is then set back to receive the mea- 
sured radiant power signal (E^METER). Once the 
radiation cavity is uncovered, radiant energy absorbed 
1° by the radiation cavity is displayed by the meter with an 
accuracy that heretofore has not been available. A ref- 
erence voltage may also be connected to the meter for 
calibration of the meter when appropriate. 

To adjust the heater power to the predetermined full 
15 scale level, current and voltage values applied to the 
heater winding are separately derived from a bridge- 
like circuit connected between a source of heater power 
and ground, and are applied to a precision analog multi- 
plier mounted in a thermostatically controlled oven. 
Current is measured as a voltage across a precision 
resistor conected to ground which forms one branch of 
the bridge-like circuit which is in series with the heater 
winding and the heater winding connecting cable. Op- 
25 posite the current measuring resistor is a precision 
matched resistor, and opposite the heater and the resis- 
tance of the connecting cable is a potentiometer con- 
nected to ground and connected in series with a resis- 
tance which exactly matches the resistance of the cable 
30 connecting the heater to the bridge. This potentiometer 
is adjusted to produce a voltage drop exactly equal to 
the voltage across the heater. The voltage across the 
precision resistor connected to ground on one side of 
the bridge-like circuit thus produces a voltage signal as 
3 5 a measure of current through the heater winding, while 
the voltage across the potentiometer connected to 
ground on the other side of the bridge-like circuit thus 
represents a measure of the voltage across the heater 
windings. The product of these two signals referenced 
40 to ground thus yields a signal proportional to heating 
power. A control potentiometer in series with the 
bridge-like circuit is then used to adjust the level of 
heating power. This bridge-like circuit assures that nei- 
ther the current nor the voltage inputs to the analog 
45 multiplier are floating above ground. 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention will best be understood 
from the following description when read in connection 
50 with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system block diagram of an instrument for 
measuring radiation in accordance with the present 
55 invention. 

FIG. 2 is a circuit diagram of a bridge-like circuit for 
sensing current and voltage applied to a cavity heater of 
the radiation detector in the system of FIG. 1. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, an instrument is disclosed 
for measuring radiation utilizing a radiation detector 10 
and a controller 11 . The radiation detector 10 is com- 
65 prised of a receptor cavity 12 and a compensating cav- 
ity 14 supported by a thermally high-conductance 
bridge 16 inside a heatsink 18 that completely surrounds 
the cavities, except at the aperture of the receptor cav- 
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ity 12 where a collar 20 defines the cavity aperture. A 
heater winding having a resistance Ri is integral with 
the receptor cavity and is connected to the controller 11 
by a cable having a resistance R2. 

Thermojunctions 22 and 24 on the respective recep- 5 
tor and compensating cavities (or more particularly on 
ring-shaped pieces of copper joined to the receptor and 
compensating cavities) are joined together to form a 
thermopile which generates an emf proportional to the 
difference of temperature AT between the cavities. 10 
When neither radiation heating nor electric heating is 
applied to the receptor cavity, the temperature differ- 
ence between the cavities drops to zero, and the ther- 
mopile output likewise drops to zero. When either type 
of heating (e.g., 100 mW/cm 2 ) is applied to one of the 15 
cavities, the heated cavity warms to a little less than 1° 

K. above the temperature of the heatsink, and the ther- 
mopile generates an output of almost 1 mV. 

The organization and operation of the radiation de- 
tector thus far described is conventional. In some cases 20 
the compensating cavity may also have a heater wind- 
ing useful for particular experiments which do not form 
any part of the present invention. 

Since the principal use of the instrument is as a pyrhe- 
liometer, both the radiation detector 10 and its control- 25 
ler 11 are exposed to a range of solar radiation great 
enough to prevent the instrument from reaching its full 
capability for accuracy were it not for the mounting of 
all controller elements, or at least the critical elements, 
in temperature-controlled ovens represented by a block 30 
26 which are powered by a power supply represented 
by a block 28. In addition, low tempco (temperature- 
coefficient of resistance) circuit components are used as 
far as possible in the controller. 

This arrangement permits mitigation of temperature 35 
induced errors by first, with control set to “Heater,” 
adjusting through a potentiometer R 0 the heater power 
to full scale of a digital meter 30 calibrated in milliwatts, 
e.g., 100.00 milliwatts, while the heater power from an 
instrument power supply 32 is computed by a precision 40 
analog multiplier 34 and displayed by the digital meter 
through a function switch 36 to “Heater,” thus being in 
a position to connect the power signal, El, to the meter. 
Then with the radiation detector 10 still covered and 
the control at “Flux,” the next step is to adjust a ZERO 45 
potentiometer 38 to zero the output of an operational 
amplifier 40, as displayed on the meter. Now when the 
radiation detector 10 is uncovered, the temperature 
difference between the cavities of the radiation detector 
will vary and produce an output signal, E 0 , at the output 50 
of the amplifier 40 that is proportional to the radiation 
being received. The ambient temperature will not ad- 
versely affect the reading because the ambient influ- 
ences both cavities equally through the case which acts 
as a heat sink and the thermal bridge 16. 55 

For the independent calibration of the digital meter 
30, a reference voltage, E r, from a source 42 is con- 
nected to the input of the meter 30 by the function 
switch 36. Comparison of the reference voltage value 
with the panel meter reading serves to calibrate the 60 
latter. 

To summarize the procedure for using the instru- 
ment, power to the ovens and the instrument is first 
turned on while the radiation detector is still covered. 

At least thirty minutes is allowed for warmup. Then 65 
with the instrument aligned to receive the radiation to 
be measured, the calibration and measurement steps are 
performed in the following sequence: 
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1. With the function switch 36 set to a first position 
“Heater” to connect the heater power measure- 
ment to the meter (El— ►METER), a power poten- 
tiometer R o, is adjusted to display full scale (100.00 
mW) on the meter after a potentiometer R 4 (FIG. 
2) is adjusted to make R 4 +Rs=Ri + R 2 . 

2. With the function switch 36 set to a second position 
“Flux” to connect the measurement output to the 
meter (E 0 — ►METER) while the instrument is still 
covered and the heater power removed, the meter 
display is adjusted to zero using the ZERO potenti- 
ometer 38. 

3. With the function switch in a third position “Scale” 
to connect the heater voltage to the input of the 
heater and the output of the measurement channel 
to the digital meter (E 0 -+METER, and El— ►- 
HEATER), a gain adjustment is made on the mea- 
surement channel to set the digital meter display to 
full scale (100.00 mW), using potentiometer 44. 

4. When appropriate, the function switch is turned to 
a fourth position, “Reference,” to connect the ref- 
erence source 42 to the digital meter 30 (E/?— ►ME- 
TER) to display the reference voltage E^. 

5. After the foregoing steps have been completed, the 
radiation detector is uncovered, the function 
switch is set to the second position (Eq— ►METER), 
and a radiation measurement is read from the digi- 
tal meter 30. 

Although the calibration steps 1-3 can be repeated at 
anytime to verify the calibration of the radiometer, once 
calibration is verified, several radiation measurements 
can be made over a relatively long period with confi- 
dence that the radiation detector 10 will transduce the 
incoming radiation into a proportional voltage with 
0.03 percent accuracy. 

The digital meter consists of an analog-to-digital con- 
verter and a digital display unit. The converter itself 
may have a small temperature coefficient of resistance 
and could, if necessary, be located in an oven, as is the 
multiplier 34, instrument power supply 32, and ampli- 
fier 40 with its related potentiometers. The ovens are 
controlled to supply a constant temperature environ- 
ment for these components at a temperature slightly 
above highest ambient temperature anticipated, such as 
65° C. Nevertheless, to mitigate any meter error, the 
reference voltage can be used to calibrate the digital 
meter from time to time by repeating the fourth calibra- 
tion step. The refrence voltage is set to a value equal to 
the meter full scale using precision components located 
in the oven. This reference voltage is itself initially 
calibrated before field measurements with higher accu- 
racy than the digital meter can display. 

The first step of adjusting the power to the heater of 
the radiation detector 10 is as important as providing a 
controlled temperature for the environment of critical 
components for the instrument. FIG. 2 illustrates the 
manner in which the power supply 32 provides heating 
power from a regulated power supply in block 32 to the 
heater winding Rj in the radiation detector 10 through 
its connecting cable having a resistance R 2 shown as a 
lumped resistance element in FIGS. 1 and 2. To com- 
plete the current path, a precision resistor R 3 is con- 
nected in series with R\ and R 2 to complete one half 
(two sides) of a bridge-like circuit. The other half of the 
circuit is comprised of a potentiometer R4, the resis- 
tance R5 of dummy wires preferably placed along the 
same path as the heater cable and having a resistance 
equal to the resistance R 2 of the heater cable, and a 
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precision resistor R6 equal to the resistor R3 (10 ohms 
±0.01 percent) on the diametrically opposite side of the 
bridge. 

The resistance Ri of the cavity heater is about 200 
ohms and the resistance R2 of its connecting cable is 5 
about 0.05 ohms. The potentiometer R4 is selected to 
closely match K\. Before starting field measurements, 
the resistor R4 is adjusted to exactly equalize the volt- 
ages across the sides AD and BC of the bridge. When 
the bridge is energized by power at point A through a 10 
potentiometer K 0 upon closing a switch Sj, and the 
potentiometer R4 is adjusted to exactly match voltages 
between points B and D with respect to ground, the 
voltage drop across the potentiometer R4 is exactly the 
same as that across the heater Ri, and is easily measured 15 
as a voltage E applied to the multiplier 34 (FIG. 1). The 
current through the heater must also pass through the 
precision resistor R3. Consequently, the current is easily 
measured as a voltage I across the resistor R3. That 
voltage signal, E/, is also applied to the multiplier which 20 
then produces a voltage signal equal to the product EI. 
Both voltage signals EI and E are thus referenced to 
ground, thereby insuring that neither the current nor 
the voltage signal to the analog multiplier is floating ^ 
above ground. During calibration in the field, just prior 1 
to measurements, the potentiometer R 0 is adjusted to 
provide a power output measurement of 100,00 mW. 

It is thus evident that a new and improved method 
and apparatus are provided for control of a radiometer 
for precision measurements using low tempco circuit 
components as far as possible and mounting all critical 
elements in a temperature controlled oven. The com- 
pensating cavity of the radiometer is stabilized in the 
thermal environment by technology using a thermal 35 
bridge and the case as a heat sink. The measuring cavity 
is calibrated from time to time by means which are 
extremely stable, reproducible and convenient. By the 
means described, radiation measurements may then be 
made with high accuracy. 40 

Although a particular embodiment of the instrument 
has been described and illustrated, it is recognized that 
modifications and equivalents may readily occur to 
those skilled in this art. Consequently, it is intended that 
the claims be interpreted to cover such modifications 45 
and equivalents. 

What is claimed is: 
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means, adjusting said amplifying means to display a 
zero output from said receiving cavity; 

with said display means connected to the output of 
said amplifying means, with said receiving cavity 
covered, and with said predetermined heater 
power connected to said cavity, adjusting the gain 
of said amplifying means to the same scale of said 
display means as used for display of said heating 
power; and 

with the receiving cavity uncovered and said heater 
power disconnected, amplifying the electrical sig- 
nal from said radiation detector with said amplify- 
ing means and displaying the amplified signal on 
said meter. 

2. The method as defined in claim 1 including the step 
of maintaining said controller at a regulated tempera- 
ture above any temperature which said controller may 
reach in the field while exposed to the sun during use. 

3. The method as defined in claim 1 wherein said 
predetermined electrical power is applied to said cavity 
by a heating element having a resistance that is known 
approximately, and said power is measured by 

connecting said heating element in series with a first 
precision resistor with a cable to form a first series 
circuit between the ungrounded terminal of said 
source of power and said circuit ground, thereby to 
produce a voltage signal across said precision resis- 
tor proportional to current through said heating 
element, said cable between said heating element 
and said precision resistor having a resistance that 
is known approximately, 

connecting a second series circuit in parallel with said 
first series circuit between the ungrounded termi- 
nal of said source of electrical power and said cir- 
cuit ground, said second series circuit being com- 
prised of a second precision resistor having a resis- 
tance equal to said first precision resistor, said sec- 
ond precision resistor being connected to said 
source of power, a potentiometer connected to 
circuit ground and said second precision resistor 
being connected to said potentiometer by means 
having a resistance equal to said cable resistance, 
thereby to form a bridge-like circuit with said po- 
tentiometer opposite said heating element, 

adjusting said potentiometer to match the voltage 
drop across said potentiometer and connecting 


1. A method of making radiation measurements in the resistance in series with the voltage drop across 

field using an instrument having a radiation detector said heating element and cable in series, thereby 

and controller, said radiation detector containing a 50 matching the resistance of said potentiometer to 

heatsink, a radiation receiving cavity and a compensat- the resistance of said heating element to produce a 

ing element, both said cavity and compensating element voltage drop across said potentiometer equal to the 

being thermally coupled to said heatsink, and said con- voltage drop across said heating element, 

troller having precision means including a source of multiplying said voltage drop produced across said 
power having one terminal connected to circuit ground 55 first precision resistor by said voltage drop pro- 

for heating said cavity electrically, means for measuring duced across said potentiometer to produce a volt- 

the electrical power supplied to heat said cavity, means age signal proportional to electrical power applied 

for amplifying an electrical signal from said radiation to said heating element, and 

detector which is proportional to the difference in tern- adjusting the level of voltage applied to said bridge- 
perature between said cavity and compensating ele- 60 like circuit to adjust the level of heating power to 
ment, and means for displaying the amplified signal, said said predetermined amount of electrical power, 

method comprising the steps of: 4. The method as defined in claim 3, wherein a panel 

heating said cavity with a predetermined amount of meter is provided for display of said voltage signal, and 
electrical power and displaying the amount of said including the step of using a reference voltage to cali- 
heating power on said display means; 65 brate said panel meter prior to use of the instrument in 

with said radiation receiving cavity covered, said the field, 
heater de-energized, and said display means con- 5. Apparatus for making radiation measurements in 
nected to display the output of said amplifying the field comprising 
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a radiation detector having a heatsink, a radiation 
receiving cavity, and a compensating element, both 
said cavity and said compensating element being 
thermally coupled to said heatsink, and means for 
heating said receiving cavity with a predetermined 5 
amount of electrical power, 
a controller having a source of electrical power for 
heating said cavity, 

means having an input and an output for amplifying 1Q 
an electrical signal from said radiation detector 
which is proportional to the difference in tempera- 
ture between said cavity and said element, said 
means for amplifying having means for adjustment 
of the gain thereof and means for adjustment of the 15 
static output thereof to zero for no input, 
means having a display scale for displaying the ampli- 
tude of electrical signals, and 
switching means for selectively connecting to said 
display means the following signals: 20 

(a) an electrical signal proportional to the heating 

power supplied to said cavity for calibrating the 
full scale of said display means utilizing means for 
adjusting the level of heating power to full display 
scale; 25 

(b) the output of said amplifying means to said display 
means while said receiving cavity is not receiving 
radiation for adjustment of said output to zero 
through said means for amplifying for adjustment; 30 
and 

(c) the output of said amplifying means to said display 
means while said amplifying means is receiving a 
signal from only the receiving cavity, and said 
receiving cavity is receiving radiation to be mea- 35 
sured. 
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6. Apparatus as defined in claim 5 including a source 
of reference voltage, wherein said switching means 
includes means for connecting said display means to 
said reference voltage. 

7. Apparatus as defined in claim 5 wherein said means 
for heating said cavity receives power from a voltage 
source through a bridge-like circuit comprised of the 
resistance of said heating means and of a connecting 
cable in series with a first precision resistor between said 
source of power and ground, and a second precision 
resistor in series with a resistance equal to the resistance 
of said cable and with a resistor equal to the resistance 
of said heating means between said source of power and 
ground, and said controller includes multiplying means 
connected to receive a voltage signal developed across 
said first precision resistor as a voltage drop representa- 
tive of current through the resistance of said heating 
means, and a voltage signal developed across said resis- 
tor equal to the resistance of said heating means, said 
last signal being developed as a voltage representative 
of voltage drop across said heating means, and said 
multiplying means operating to produce a voltage sig- 
nal proportional to power applied to said heating 
means. 

8. Apparatus as defined in claim 7 wherein said resis- 
tor equal to said resistance of said heating means is a 
potentiometer for adjustment of resistance to the equal- 
ity required. 

9. Apparatus as defined in claim 7 or 8 including a 
potentiometer in series with said source of power and 
said bridge-like circuit for adjustment of the power 
applied to said heating means. 

10. Apparatus as defined in claim 9 including means 
for controlling the environmental temperature of said 
controller. 

***** 
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